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Baryon Resonance

N* and A* by Quark model
Mass, width, couplings to various modes are not well known
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FROST (FROzen Spin Target)

Photon Target Recoil Target + Recoil
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Study of exited nucleon states (N* and A*)

— Understand the structure of the nucleon

— Analyze decay products due to short lifetime
analysis of r, n, K, A, > with FROST

Double polarization experiments are important
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Helicity Amplitude

Helicity H=

Property:
invariant under the rotation
parity and four momentum are conserved

Ak — +1 Ak - '1
AVA 32 1/2 -1/2 -3/2  Ac:spinof photon
1/2 H H H H A; : total initial spin
1/2 H3 H4 H2 H1 A : total final spin
) 1 2 4 13

E={IH;I%2-1Hy %+ Hg 12 1H,12/(2 1(0))
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Spin Observable

H;, H,, Hy, H, determined by
8 carefully selected measurements

F.Tabakin, W.Choang Phys. Rev. C55, 2054 (1997)

Double polarized beam and target:
(do)
(do,)

+P (T —P;Pcos(2¢))+P (P,Gsin(2¢)—P E)

=1-P,Xcos(2¢)—P _(P,Hsin(2¢)—P_F)
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Partial Wave

Helicity Amplitudes
—_—lsin cos =_—1 in’
Hy = sin0(Fy+F coso) H, \/§F4s 0
Hz—\/;(ZF —2F,cos0+ F ,sin’0) Tsm@ (2F,+ F,+ F ,cos0)
CGLN Amplitudes

F1=l§0_(Mz+.+Ez ) I+1 [(H‘l) 1— +El—.]P;—1]
F,=X[(I+1)M,, +IM,_ P,
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Asymmetry E and G
(Nov.3, 2007 ~ Feb. 12, 2008)

Photon beam

e Circularly and linearly polarized

e 0.5 ~ 2.4 GeV (electron beam 1.645 & 2.478 GeV)
Target

« Butanol (CH,OH)

e 78 ~ 92% of polarization

Production

Circularly polarized beam

1.645 GeV 1.1 Billion trigger
2.478 GeV 2.3 Billion trigger

*trigger: at least one charged particle in CLAS
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Circularly polarized photon beam

Bremsstrahlung use linearly polarized electron beam

4x — x> _k_ (photon energy)
P(y)=P(e) ; YT
4—4x+3x :

(incident electron energy )

Circular polarization from 100% longitudinally polarized electron
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Target
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Target

CLAS center
| | |
Butanol . Carbon (C) ' Polyethylene (CH,)
— ,,,,,,,,,,,,,,,,,,,,,,,,,,, !1-5mmthi°k ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .3-5mmthi°k ,,,,,,,,,,,,,,, .
| | |
0Ocm 6.0 cm 16.0 cm
BUtanOl(C4H90H)

Dynamic Nuclear Polarization (DNP)
length 50mm / diameter 15mm

Holding mode (0.5T, 28 ~30 mK)
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Polarization of target

| Target Polarization |
polarization (%)
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CEBAF accelerator

0.4-GeV Linac
(20 Cryomodules)

45-MeV Injector
(2 1/4 Cryomodules)

Extractions\s
Elements .

€ g’
Stations U -

........
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CLAS (CEBAF Large Acceptance Spectrometer)

Electromagnetic calorimeters

Drift chambers

Time-of flight counters
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Event selection and particle ID

| mass of positive particle |
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Event selection 2
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Normalization factor

| Butanol - carbon | normalization
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Dilution factor

Events

Signal

(Events from free proton) -
Background -
Events from bound nucleon

Missing mass

Fre-on Norm X
Carbon

1 -

- Butanol
Free-m -+ BOL-cheon

Dilution factor =
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y(p, p)X missing mass square

| Butanol - normalized carbon | normalization
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Dilution factor for yp = m'p

| Butanol - normalized carbon | normalization
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Helicity asymmetry E for yp > 7°p

= 1 N =Ny,
DfPTPy NiptNy,

Polarizations
Beam electron: P, = 79.8 ~87.6 %

e

4x — 2
Photon: P =P, " >
4—4x+3x

Target: Pr = 78~92%

Dilution factor: D:: max ~35%
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Helicity asymmetry E for yp > 7°p

1 N;,—N
E= V2 12 SAID2009 D,: max ~ 0.35
D.P,P, N ,tNy, MAID2007 P 0.78 ~0.92
EBAC ——  Pe 0.79~0.87
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Helicity asymmetry — 3 -

~ 610 MeV

asymmetry E
st

MAMI (Phys. Rev. Lett. Vol. 88 232002)
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Comment

Preliminary results of E for yp = m'p

Improvement

(1) Energy loss and momentum correction
because of the holding magnet is not included

(2) Energy of the electron beam is high

for the single pion photoproduction

University of Virginia, October 18, 2010 Hideko Iwamoto



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25

